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INTRODUCTION 
Th« phosphatlc deposit In t h i s ari»a i s sltuattd 
in NorthoEdstem part of Udaipur I^strict« n«ar 
Karbaria-ka-Qurh« (24^33*45»» 73®46*45*) which i s about 
7 km MNE of Udaipur c i t y and 2 km from Kanpur (24*34*1 73*46') . 
Kanpur i s approachable from Udaipur by Bus and Karbaria-ka-
Gurha i s connactad vdth Kanpur by an uneaatallod road* 
Phosphorite occurs on a small hil lock extending NE-.*=;w 
direction and i s confinod to only or» h i l l in vi^ich Kaolin 
depoiilt i s also known to occur* In the northern part, th« 
phosphetie material i s associated vdth daicfc cherty quartzito 
and dolomite, while on tho central and vouthem parts the 
area i t i s mainly associated with a yellowish brt»m breceiated 
cherty quartzite. 
The phosphorite horizon, however, i s not traceable 
continuously and appear to be of pinching and svwllin^^ type^ « 
Major portion of t h i s phosphatic deposit i s covered Alth 
soi l and Karbaria-ka-Gurha vi l lage* Pho^hatic horizcm can 
only be traceable in v i l l age we l l s , from which the continuity 
of the deposit could be estabClished. 
PHY5;I0GRAPHY> 
Physical and chemical weathering have affected the recks 
of the area but physical weathering appears to be dmtlnmt* 
-2«. 
Quartzitds exhibit spheroidal and •xfollatlon vmathdring. 
Jointing in quartzltes ha« facilitated the dl sin titration 
of rocks Into smaller fragments Chemical weathering I s meat 
prominent in phoephatlc and Kaolin deposits* At places 
Kaolin deposit has been so much weathered that i t i s c<mverted 
into 9oil*4 
Mass Wastingi 
The procoss of Mass wasting i s particularly confined 
to quartsltes* Pieces of rocks hi vo been dislodged from their 
positions mainly due to faster weathering alcmg joint planes 
wid subetquently rolled down the slope undor the actlcm of 
gravity^. 
TopoqraPhvi 
The area consists of Isolated h i l l s and a contitited 
range of hillock in which phosphatlc deposit occurs* The 
maximum elevation in the area around Karbaria<4ta«J3urha deposits 
i s near about 1CX)0 feet above M.^.t. The relief of the «re« 
i s moderate* Large area Is covered by vegetatltm* The existing ' 
h i l l s have escaped erosion and denudation because of hard rock 
such as quartzites and ddomitic marble* 
a>3» 
Qlaiato, Rainfall & V»q«tation> 
In general there i s an increase in amount and 
variety of tree and buah growth from f^ orth to South and 
from east to west. This i s of course due to the 
Influence of south-iMSst monso<Ki« the effect of v«hleh 
decreases ss I t passes over ^ e eountry from south»«ie«t 
to north-east. There I s « gradual increase In the aniount 
and variety of ve'getatlon from north to south and frosi 
east to vwst with increasing rainfall . The area i s 
characterised by high temperature and low rainfall* The 
mean annual rainfall ranges between 250-635 mm which takes 
place (^ring the months beglnlng from Jiine to Dee^ mbez^ * 
The climate on the w/hole i s SMil-azld. During pre-monseon 
season tec^perature touches ^out 49^C and tsfspera^ra 
fluctuation Is sometlmos recerdkid upto 5*^ C. During winter 
months of Oecembtr-Januaryt dally temperatuitt, sometlms 
fa l l s below 22®e, 
Very l i t t l e i s known about the geology and 
geochBanistry of phosphorite bearing formations of th i s stea. 
Parts of Hajasthan ware originally mapped by C.A.Haekett 
(1870) w o^ published a detailed account of geology of the 
antt and later La Toucht and Mlddliemiss. A geologleal, 
account of bandad gneiesic complex (B.G.C.) was f i r s t 
«»ritt«n by H.B. Medlicott (1859). During the present 
centuary a ldrg« region has been napped by A.M. Hercm 
(1935),. assisted by A.L. Coulson, B.C. Gupta, P.K. Ghosh 
and otheri^ * 
The phosphate deposit in Rajasthan was discovered 
In March, 1966» by Mr. R.P. Sheldon of U.S.G.S. In Blxmanla 
village of Jalsalmer distr ict . The deposit of phosphorite 
near Fatehgarh by '^e side of Jalsalmer-Bamar road wat 
discovered by Muktlnath (1967). 
The three deposits of phosphorite In Udalpur dis tr ic t 
ware discovered In the Aravallls of Rajasthan (Pre«Cambrlan 
age) by Sant et al (1967). They are at Kanpur, Maton and 
Karbarla-ka-Gurha. Generalised sequence of Aravalll rocks was 
worked out by Shrl R.li:. Mathur, (1963) In the course of 
mapping the area. Sant et al (1967) gave a preliminary report 
on the Investigations for phosphorite deposits near Udalpur'. 
Muktlnath (1967) and ChatterJee (1968) also reported the 
phosphate occurrences In various parts of Rajasthan. The 
petrographlc work on Indian phosphorites Including thttse of 
Rajasthan has been done by Rao, et al (197i). hearer to the 
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phosphatic horizon In Karbdria«>ka-Gurha, a Kaolin band 
h«s bi?»n found, mining of the same i « expected to s tar t 
very soon. 
Geologists of the Kaolin project have prepai^d a 
detailed map of th® area shovdng the trenches of Ksolln 
and pho^hatic horizons. Mapping and exploratory d r i l l i n g 
in th i s area was carried out by Geological Survey of India 
and State Department of Mines and Geology, Rajasthan. The 
old vaorkings of Maton area of Udalpur d i s t r i c t «M©r® exanined 
by personnels of the Geological Survey of India and Hindustan 
Zinc Limited a l so . Reserves of rock phosphate based on the 
©jqploration carried out by Geological Survey of India have 
since than been revised^. 
Study of stromatolites from \^ndhyan and Aravall is 
of Rajasthan^ carried out by Raja Rao and li'^ ahaj^ oi (1965), 
Muktlnath and Sant (1967), Raja Rao, Iqbaluddin and Mathwr 
(1966) and I s r a i l i (1976) tend to «hed new l ight on the 
pr^lem concerning the stratigraphy of the area, ^ n y of then 
have adopted the serial section technique of Krylov ( i 9 6 0 ) . 
•mOm, 
CHAPTER - II 
DISTRIBUnON OF PHOSPHORITE IN RAJASTH^ 
Photph«t«s 9T9 now rogardi^ d at b«ing amonqi th« 
Riojr« important mineral• used by man at th^y eeeujr* entftr 
largely Into tho manufactuM of f«r t l l l i«rs , #tieh aire 
«fttntial for aorlculture* Th« itoportanc* of rock that 
contain phosphatlc natorials as fartl l ixor was knovan for 
eenturioe. Phoi^>hates havo been mined and trad^ since 
1940. Their Importance in world trade can be ascertained 
by the fact t t«t the world output at the present time averse 
about 11-12 m tonnes per annunP* 
A predominantly agriojiltural country like India 
requires vast amount of fer t i l i zers . Upte 1967, the annual 
production of phosphatlc rock was 3,33^000 metric tcmnes 
per annum. Hscently Geological ^rvey of India and 
Department of Geology and Mines have discovered several 
phosphorite deposits in various parts of Rajasthan, U.P., 
Kashmir and M.P. Rajasthan phosphatlc deposits ocoir in 
Udaipur district specially in fCanpur, Maton, Oak an fCatra 
and Jhamar Kotra areas, in the reeks of Ar^valli syston «id 
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in the late Palaeozoic rock of Jai«elmer f i s t r i c t . 
So far I there I s no published detailed Inforrratlon or the 
mineralogy, texture and genesis of these deposits end 
tl^St very l i t t l e i s known about the miwralogical 
character, textural and cheraical nature of the phoi^hatic 
material present in some of these deposits* 
^ The proposed study include a detailed mapping of 
the major phosphate bearing rocks of the area and it© 
relation vdth other rock types. The Geochemlcal analysis of 
the samples may reveal proper information abmit the 
constituent of these phosphorites which i s l i k e l y to ' dscer* 
tain their provenances anr! frequency of geochfiinicsl occurr-
ences. The study of collophan© i«*> of greater importance in 
the analysis of pho^horltes.Tivichemistry of co l l^hane i s 
complex and I wide variation in composition I s know%* l^intral 
ofjcipatite ser ies have a general formula Catt(^0^)j 
(F, OH, a K 
GBOGR/tf>HIC DISTRiaJTIONt 
The phosphatic deposits are fa ir ly well distributed 
in parts of Rajatthan although the main deposits occur In 
Udalpur divis ion. The gr«ie of phosphorite In Rajasthan I s 
>8^ 
i s f e lw ly high as compared to ©th«r parts of India 
such at U.P., Bihar, M.P,, A.P,, Kisy»r.ir and Tamil f^a^» 
Dua to tha oceurrance of larga dapotits* proddmifiaiitly 
of high grada, tha uti l ization of phosphor!t« In fartUifarc 
etc* ha* Increaaad manicfold in Rajatthan. 
Tha good daposits of phosphor!ta occur In Udaipur 
and Jaitalnar dis tr ict . A di*trlct«>«d9a survey of pho^hatie 
dapoidts of Rajasthan i s as follo«9St 
Tha oceurrenca of phosphatlc (^posits has been 
raportad from Jhamar Kotra, Maton, Kanpurt Karbaria»kd«^rha 
Dak an Kotra «nd Umra, Jhasieshwar Sisarsia, Himach l^ta and 
Baragaon and snallar daposits at takharwas* Bhila Barawas, 
Udalsagar and Fatahsagar* 
Jajgelwrt 
Tha wforkabla and accmomlc dapofiits of phoi9»horita 
occur in Bimania and Fatabgarh, Bllara, Bhlyasar Jhinjhlnial! 
Kohra, Randa* Sardha and Ladhusingh-ki.Ohani^. 
Banswarai 
Racantly occurranea of pho^phorlta has ba^n r^porlad 
from Salllapat and Ram-kiOflunna In tha southsrn part of the 
district^. 
PHOSPHATE DEPOSITS OF INDIA 
M u s s o o r i e 
D e l h i 
a G u a n o d e p o s i t s 
A A p a t i t e d e p o s i t 
• Rock p h o s p h a t e 
B i r m o n i o 
• F a t e h g o r h 
2 A 6 6 A N twon ia 
• SoUopat 
J h a b u o 
/^ C h o p o I 
'^ K e r p u r o 
S a g a r 
K o s i p o t a n o m / ^ ' 
S e w a t h u r 
Lqccod i ve 
I s l a n d o 
1_ J h o m a r k o t r a 
2 - K a n p u f 
3 . - S i s a r m a 
4_ Oaken k o t r o 
5 - N e e m a c h m a t e 
6 - M o t o n 
7- B a d g o o n 
8 - K o r b o r i c ko g u r h a 
F IG 2 
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GEOLOGIC DISTRIBUnCKt 
In Rajasthan major deposits of phosphorites «V« 
found associaftsd vdth Precatnbrlan formatlcMn (Aravalll 
system) but th« d«poBits of phosphorite in JaiaeinKir «r« 
associated with rocks of Palaeozoic end Mtt^cde anes* 
An attempt has been made here to arrange the phosphorite 
occurrences of Rajasthan accorr*in«5 to the formation Mid 
country rock with which they are associated'. 
The Table-I, ^jmrnarise the ge*ologicdl d i s tr ib j t ion 
of phosphorite deposits In Zrffia* 
Phosphate deposits of Rajasthan did not receive 
much attention in the past although i t occurs at several 
places in the state and i t has found a suitable place in tha 
•larket of India. The Geological Harvey of Indie and the 
State Directorate of Geology and Uin^B have been engaged in 
detailed prospecting operation at several places in Rajasthan* 
Anong the phosphorite deposits of Rajasthan, Udaipur 
has fa ir ly appreciable potent ia l i t i es* In certain areas the 
phosphates of appreciable grade are not only of high grade 
*dth 20 to 36^ PjOj but also contain large reserve of 
phosphate rock«^  (about 70 mill ion tonnes) in Jhamar Kotra 
G E O L O G I C A L M A P OF R A J A S T H A N 
SHOWING PHOSPHORITE O C C U R R E N C E 
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mti Jh»fi«shwar ax«a«. 
Th« preMnt production of phosphate In Rajasthifi 
i s V9ry l imited and the q u a l i t y a lso does not s i l t tlie 
export »«rk«t» India i s in short supply of mineral phoiphat® 
and h#r major rsquire is tnts of phosphate f e r t l l i i e r s are met 
by imports* Tha f i r s t recorded production of phosphate rock 
item India on a conasercial ba s i s has been in 1969 from 
Udaipur d i s t r i e t t Eajetthan i s l i k e l y t o be a major procHji<%r 
of rock phosphate in Ind ia , Table-H* shows the major 
occurrences of phosphorite deposi t s in Hajasthan* 
QBmnPL QUALITY OF PHOSPHATE OEPQSITS IN RAJASTH^t 
The Quali ty of p h o ^ h o r i t e in H a j a s t h ^ v a r i e s fre» 
deposit t o deposit* The average percentage of P ^ ^ i n the 
3insania deposit i s about ICfS and in F a t e ^ t r h d e p o s i t . I t 
i s e j e c t e d t o be about 8^ hut In Fatehgajrti the "^^^ percentage 
v a r i e s frm 5 t o 25^ with high Iron content*. In the Udaipur 
deposi t t howevert the average grade of phosphorite may show 
10 to 25^ ^J^%* ^ *®"'* places I t way be even sore than 
30?U, Jhaiiiar Kotra i s supposed to be l a r g e s t phosphori te 
deposi t in Asia. P ^ ^ percentages In ^ I s area r ^ g e s froiB 
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10 to 38%. Th« phosphorite dopesit In Maton aroa of 
Udalpur district eofit|iD 25 to 35% ^j^^» Tho Kanpur and 
Karbaria-ka-Ourha phosphorito dopeslt shews the P^ O^ 
content varying betwe«?n 15 to Wim 
Be'^d« these iaipertant depdsits in Rajasthan there 
are a number 61 other occurreneat in RaJ«tthan nostly in 
Udaipur dis tr ict . These are Oaken Kotra Sisanaa, Xhrna^ 
NeefRuchRata, Baragaon in Udsipur district* Sallopat and 
Raai-ka-i^nna in Banswara d is tr ic t . The geological set up at 
these plaoss i s similar to the deposits mentioned above and 
PJ)^ content rangee between 10 to 20^ in these areael 
Beside these local i t ies* important deposits of 
phosphorite have also been reported from Ktrpura and Sal war! 
aiea of Slkar distr ict in which Apatite occurs as thin pockets 
in pest-Oelhi Granite. Sample alialysis shows 41^ P^C^ content 
but the reserves of phosphorite «v« small and P«^ 0^  contend 
also varies from place to place* Table-XXX indicate the 
reserves and grade of various phosphorite deposits of Rajasthan. 
PESQIIPTtON OF SOME IMPORT/8^  PHOSPHORITE DEPOSITS XU RAJASTHANt 
Maton (24^33* t 73^47*) i s located about S.6 Ian east 
of Kanpur and 13 km from Udaipur c i ty . The phosphatie horiton 
•12^ 
• xtvndt just from th« east of Maton v l l l ^ o to ftOuth*w9ftt 
for a dlstaneo of about 1»5 ksi. In th« »outh»rn sldo It 
occurs on a hi l l w^ich r i t#t about 100 metres frotn tho base. 
Tho thickness of phosphorite to the east of MetOR viilago 
i s only about one metre and i t occurs in deiffnitos^ However, 
further to the south on the top of the h i l l in tho central 
part of tho deposit i t i s associated vdth cherty breeeiatedl 
quartzites. Here ths thickness of tho phospharito 9o«s up 
to 30 tiwtres. FUrthor, to the south, i t occurs with phyl l i tes , 
expLsed on the north->«isstem slope of the rid^o* The rocks of 
the area, trend in a general NM&.SStf to NW.SE diroction* 
Bedding In plaets seen in the cherty guarti lte, i^ich i^ows 
normal dip at about 65® tovfoids north»iiies#. 
The phosphorite horiton shows great variation in 
thickness right from one oietro to 20 metres* The horizon 
within the cherty quartzite i s thicker than that so#n in 
dolomite and the quality of phosphorite i s conp^ativoly betted* 
A large numbor of samples coUeetod from different parts of 
ths deposit on analysis gave 70 to 30$l( ^2*^* 
Of all ths deposits diseovefod so far in Udaipur 
d is tr ic t , Maton deposit appears to be the best* As the 
phosphorite band occurs in a hi l l rising i^out 100 metros from 
. 1 3 . 
the surfacff. I t may easily be worked out by quarr^ng 
fcNT some distance and later by underground mining^ * 
Kangurt 
The Ksnpur deposit occurs i km south t^t Kanpur 
(24^34* t 73^46*) village In an undulatory topography. Kanpur 
1$ located 5 km east of Udaipur city on the Udalpur«Udalsagar 
road. Kanpur deposit i s associated vdLth doliMsite and cherty 
quartzite. Detailed geological mapping on a 1 t lOCX) scale 
of the Kanpur block comprising 1.56 eq.km has indicated that 
thero i s atleast one doubly plunging syncline tO¥«afds the 
east, followed by an anticline and syncline toward nwst. From 
a general study of the rocks to tht west i t appears that the 
vmstern anticline and syncline are probidsly in the form of 
gentle south plunging f ^ d s en westerly dipping beds. The 
phosphorite deposit i s traceable for a distance of 600 metres 
in (^E.SS« direction vdth an average thickness of 5 metres. 
It dips to tto west at 35 t o 49% 
A large number of samples collected from the outcrops 
on analysis has Indicated t t«t the percentage of PJO^ varies 
from 10 to 75 although the algal nodules sometimes give up to 
35l> ^^^» It i s hoped that the averaoe grade of material 
would analyse about 15^ 2^'^ 5* 
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Th# dl{>«dsi» extension of th© phosphatic horlxon 
hat 8© far b©«n proved for a distance of *out 300 inetret 
with a thlcknees of phosphorite zone varying from 5 to 8 
metres. Gridwite dMlling has proved the maximuRi reserves of 
phosphorite in the synclinei 
Dakan Kotret 
The occurrence of phosphorite near Dakan Kotra 
(34®29'45*: 73**43*45*), about 17 km south-southeast of 
Udaipur was discovered by Saxena (1967), Lenticular patc>»s 
of phosphate rock associated vvlth greyt dark ap4 bluish 
dolomite and also with cherty quartzite are seen in the area". 
The nature of occurrence i s very eimllar to that seen In 
Ksnpur and Maton. The Important outcrop i s located ^oat P km 
west of Dakan Kbtra where It extends for a distance of jA}out 
450 metres with a thickness of @ to 10 metres. Though the 
bedding Is not clearly seen In the marble the phosphorite 
horizon appears to dip 45^ towards west* The chemical analyses 
Indicate lO-TO^ of P9O. content In these phoi^horltes* 
Another occurrence of phosphorite Is just to the west 
of Dakan Kbtra on a small hillock about 30 metres high* It i s 
trace^le for a distance of about 400 metres along the strike. 
The material Is associated with cherty quartzite in the ses 
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soutlwm portion and with dolomite in the northern 
portion. The quality of material ^pears to be siiailar 
to that seen, 2 km vwst of Dakan Kotra. 
Siaarinat 
The occurrence of phosphorite In Sisarma 
(?4®3?*i 73®34') area of distr ict Udaipur <^ a« discovered 
by the geologist of the Department of Mines & Geology, 
Govt, of Rajasthan. It i s located about 5 kn south of 
Udaipur near the village Sisaraia and Nai (24®3l'45"i 73®33'45") 
on Udaipur-Jhadot road. The phosphorite in this ar©a occurs 
as dark, thin impersistent bMKls In siliceous dolomite vi^ich 
forms low lying north striking ridges within the phyllite#. 
The phosphorite horizon varies from 4 to 5 metres in thick-
ness Bnd i s reported to extend impersistently over a strike 
length of about 4 to 5 km. At places algal structures have 
also been observedl. The phosphate bands analysed reveal 
10-15$l( ^2^* ^^^ rarely exceed 20^. But the average grada 
of material from the entire phosphorite horizon may not analyse 
more then 108if 2^*^ 5* 
Newaniai 
The phosphatic deposit in Newania (24®3B't 74*'lB5M 
has also be?n discovered by the geologist of Department of 
-16. 
Mlfi«t and Gsologyt Govt, of Rajasthw). N«w«nia i s locatod 
about 45 km east of Udaipur on th« Udaipur-Chittorgarh 
road. Thoro aro apatito volne In coaraa eryataliine carbonate 
rocks, oxtondin^ in an area of about 3 oqika* It i t 
surounded on all sides by the granite and gneisses of the 
Banded Gnelssic Complex. Herofi considered i t to be a 
crystalline marble belonging to the Aravallis* but Dhar and 
Deans have considered i t to be a carbonate rock". The 
individual apatite veins vary in thickness from 5 JHHI t o 20 ems 
and extend upte a maximum of 20 metres. The deposits generally 
follow the strike of the formation v^ich i s KINIL^ S ^m6 contain 
over 3C9C of ^2^* I t i s observed that in some parts of the 
exposure these veins show high concentration whereas in other 
parts the carbonate rocks contains only sparse grains of 
apatite'. 
Biimaniat 
The phosphate deposit in Birmania (26^14* s 70%6') 
was discovered by Sheldom (1966) of U.S.G.S. It i s located 
near the village of Birmania in Jaisalmer d is t i l e t* about 
120 km NW from Barmer. 
The Birmania formation containing phosphorite was 
mapped on scale 1 t 500 on plain table, covering an area of 
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about 3 sq loR. Phosphorites ar® genordlly assodatod with 
radioactive iBinerals. 
Phosphor!t« band i s tractabls for a d i s t a n t of 
about 4 km In N-S direction from Slrmania t o Kohra. Those 
deposits have been classifiad into throe bloc^<s ( l ) Bixmania 
(2) Kohra and (3) Ladhusir.gh-kl-Ohanl. The thickness of 
phosphorite b«id varies considerably on an avera'jd i t i t 
about 3 metres in the northern part of the deposit In Birmanla 
block, about 1-2 i«»tres In the scsuthem side in the Kbhra 
block and only one metro In Ladhuslngh-ki-t»ianl block* 
Detailed mapping has shown that there i s only one horlxon of 
phosphorite In thoM areast 
The phosphetlc material I s seen as rounded to 
i r regular grains and pe l le t s upto 1 mm In diameter In the 
sandy calcareous layer of Blrmanla formation. The cherty 
phosphatlc Btftd show a characterist ic b lul i^ colour* The 
Individual phosphatlc and sandy band vary In thickness from 
a few centimetres to about 30 cm. In thin section t h i s rock 
shows as aggregate of ca lc l t e , quartz and collophane Intimately 
mlx<»d with very fine sandy matter* 
The average percentage of PJO. at Blrmanla Block I t 
10.2C^, In Kohra block Is 8,2(^ anA the t0dhuslngh-kf?-l»ianl 
- 1 8 . 
having an wfge of 9.7?^ ^ 2 % * 
Fatthqarhi 
Tha dapetit of phoaphorit* in Fatahgarh 
(26*30* t 7i**12M waa diaeovarad by Myktlnath (1967) . 
I t eccura about 88 km north of Baxmar naar Fatahgath by tha 
alda of Jtiaalmar^Bamar t»aii» Tha phoaphorlta hcdrlzon la 
undarlaln by Lathi aand atofia of Jbraaalc aga and ovarlaln 
by tha bantenita baarlng fkli f«Mraiatloft of Palaaoaane ago'. 
At tha Junetlofi batwaan tha Lathia and tha Phoaphorlta zona 
thara la pabbly awridatona ba#. 
The phoaphorlta bada vary In thlcknaaa fxem laaa than 
a natre to about 4 matrasand hava baen traaad fron Sandha 
(S»*29'i 7 l ' i 8 » ) In tha aaat to Aout 3 km S 20% of Shlyaaar 
(26*28* t 71*21* ) • a dlatanoa of 4>out 12 kn» Tha bada str lka 
aaat-waat and #iow warping; Thay eomprlaa aacantlal ly eowaa 
g r i t t y farruglnoua phoaphatlc aaridat«iaa «id.th Intarbaddad 
claya. Tha aandatonaa contain phoaphatle oolltaa* p a l l a t a , 
eeprol l ta, gaatropoda, oatroeoda and laMalllbraneha* Htaiaroua 
fragvanta of bona a hava alao been obaarvad In thla aactlona* 
Samplaa eollactad from dl f farant parta of tha dapealt 
on colorlmotrle analyala hava Indleatad P^^ varying froai S9C 
t o 15^» Flg.al 
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CHAPTER - i n 
GEOLOGY OF THE AREA 
Th« most significant geological foature of 
Rajatthan i s i t s ramarkablo suceossion of Pre^Canbrian 
rocks* Tho Aravalli system has contributod soma 
important metallic minerals «Jch as ci^per, l e ^ , zinc* 
silver. Pegmatites intruding into them and have be«fi 
producing mica^eryl, feldspar* quartz, etc* Phosphatie 
rocks of th<» area under study also belong to Aravallis 
system'* 
The Aravalli series of rocks overlie the Banded 
Gneissic Complex and are seperated from the latter by «n 
erosional unconformity* The oldest rocks of Rajasthan are 
exposed in the north-west, vtest and south-west of the great 
plain of AJmar and central S%«i»r and occur betwieen the 
h i l ly country of the Delhi synclinorium to the west and 
the plateaus of Vindhyan tract on the east* For the most 
part of this i s level and covered by thin and irregular 
alluvium. Topographically, i t i s rather unfavourable for 
the study of these Gneissic Complex, except in the norl^ 
west of the plains where i t i s high rugged ar^ abundant 
expomjres are seen west of a line through NatV^wara 
-s©-
(24%5«i 73**49M ^out 30 kii of Udalpur c i ty . Th»m 
eomplB* ar9 also se«n n«ar Udaisagar l«k«« 
Tha Aravalll ayttam It doralnantly arglllaeteus In 
eompotitlon* Tha batal bads which reat on Bundalkhand 
Qnaisa or tha Gnaissie Complax, are arkeaa and gritty 
quarttitaa* Above thata coma ahalas and phyllitas* Znpura 
argillaeaout and farruginous XiiMstonas occur in two facias* < 
ona baing a lanticular farxuginous Ximottona aa in Bundi 
MK) Mawar and tha etVuir bkaek matsiva Ximattone as naar 
Udaipur city» az« of interest • Recant work by tha Saolegical 
Survey of India seams to indicate that the Aravallis are 
younger than tha Banded Qneiasic Complex, though the later 
may contain some later granitic eonatituenti 
Mathur (1963) mapped an area of SDO tq km (Lat 24*30* 
to 24*45* and longitude 73*30* to 73**37* I ^leet 4S H/lo) on 
1 t 63360 scale • The rock aequenee eompriaes four bro^ 
lithological groups representing the different environmental 
conditions* 
!• A composite unit of basic volcanies and f^ffs (Petamer-
phosed to green schist) ortho«>quartiite, quartz* conglo-
merate and dolomite* 
2f* Phyllites with minor intercalatery quartzite* 
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t* Fl^Illtit and schistt vdth abundant Interealatdvy 
quartxita fmd minor Inpura lia«stefi#* 
4* Qnutttii* vdth iBinor sehisf. 
Tha first thraa groups aiwt ineludad in tha 
Ravalli systsffi and fourth group in tha Atiwar Sarias 
of tha Dalhi systan by Haron (1936}* Ht thought 
that tha quartxita around Oongunda (a '^^ ^Sn 73^31*) 
ttnoonfonisbly ovarlia tha Ravalli wehis^ 
Tha ganaral strika of tiia layarad reeks 
varias fron N-S to N 3 0 ^ S 3 0 ^ ndth staap dips. . 
To tha north-watt of northaxri and of tha ridgas 
of Alwar aariaa ara in axpanta of iiaiastonat, south 
of KitHMff (24^34*} T^4$*}# Thay ara diff«r*nt 
l^ om tha dark XiAia^onas mliieh underlain ^tm black 
^olas and rasa«bla thosa aa at of Ohanklit baing 
pala and sandy, intarboddad vdth brom ealcaraous 
sandstona^ * 
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(l*n«rallzedl Mquene* of Aravalli rocks as #epk«d out 
by Mathur (1963) during tho courso of mapping the aiva, i s at 
fellowrtt 
Po«t» 
Aravalli 
Quarti voins 
Aa^hibolitos 
Granitas and ml^natitat. 
Intxusivo into tha 
Aravalli rocks 
Aravall i 
Sygtaa 
Fhyllitas, conglomaratos* arkoaa 
and roddi sh phyl1ita s• 
Phyllitas, si at* 8, carbonaeaout 
phyllitas vdth intarcalatery 
bodlas of dolomitas and qu«rtzitet 
Basic volcanies with interstrati** 
fiad quertzitest graywackos and 
phyllitas* 
Orthoquartzita, quartz pabbla 
conglomarata and quartz grit* 
Graywackas and pbyllitas «A th t 
intarealatory bodies of ddlenitaSi 
and intraformational conglcmerate* 
Phyllitas with intarealatory bodlas ( 
of carbonaeaous phyllitas, dolomites* 
calcaraous quartzlt* and quartzltas« 
flad to buff ortho<nJartzitas with 
intar*calatory phyllita. 
Coarsa grainad to pabbly arkosa, 
subarkosa and falspathic quartzltas* 
(saquanea undetar-
Hilnad dua to 
folding). 
Contd. ..p.^S. 
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Arkos^c quartz p«bbl© con^lomerat© 
Greenschlst with Interstratif led 
orthoquartiite and dolomites. 
Buff wrthoquartzlt©. 
P0bbly talc-quartz rock m^ t a l c 
schist* 
Banded 
Gn«issic 
Complex 
EROSICr<AL UKCONVOmTn^ 
Chlorite and biotlt® sch i s t s , aeaphibolitos, 
composite gne isses , ap l l t e s , pegmatites &ftd 
quartz v^lns. 
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A 
^ 
V 
A 
I. 
L 
X 
Q 
R 
0 
U 
P 
Th« author has tried to modify tho stratigr4f»hic 
sueeattion aatablishad by Banerjee (1971) of th« area litho^ 
l ithelogie units prtsertt in the area of interest as viell as 
adjaeent areas* 
Lithie quartzite, flaggy quartzite and current 
bedded orthoquartzite 
Udaipur 
Formation 
Greywacke and Phyllite 
Sendy Phyllite, ealcareous phyllite blotite 
schist and eazbon phyll ite. 
Orthoquartzite, brecciated calcareous quartzite, 
mazble and carbon phyllite'. 
Impure martile, dolooiitic lisiestone vdth r<dled 
and rewasted fraqmentel phosphorite and bio-
hetfual phosphorite* 
Mateon, Sandy phyllite and schist. 
Kanpur Orthoquartzite, brecciated quartzite, delemitic, 
Karbaria-ka- nm^itone, maible fragn^ntal phosphorite, lecal l 
Qurha fonaa- biohermal phosphorite, 
tion 
Impure marble, carbon phyllite trdth snail garnet 
naoqaniferrous dolomite, intruded by aplo-
granite• 
Buff, reddish v^ite and brown orthoquartzite 
«dth intercalated phyllite and chlorite schist 
at the top. 
Dtbari Itota conglaewratd and cears* arke^ 
Formation Meta arkoae 
Itota e<yM|loa»rat« 
— S h e a r — — l o c a l fault-
Bhllwara Granite« Qneiaaes 
^'**P Schlat, llmettone, (Banded 
Qnelaaic •««»We, quartzite and 
Complex) amphibollte 
The Aravalll Bjccesslon In the Udalpur ^f^t i t as followss 
Post Aravalll Granite and compesit Snelss 
Phyllite and Greywacke 
Carboniferous phyllite 
Dolomitic llmest(Hie 
Crthoquartzite 
Arkose and conglomerate 
Pre Aravalll Gneisses and Schists 
Pre Aravalll quartiite. 
Aravalll 
System 
GEO L O G I C A L M A P A R O U N D K A N P U R ( K A R B A R I A K A G U R H A ) 
0 !STT UOAIPUR R A J A 5 T H A N 
7 / < 5 
34 
30 
I •»• ^.j POST ARAVALLI CRANtre 
\^:'.\ ARAVALLY SCHI ST, PH Y L LI T £, MARBLE AND LST. 
ARAVALLI CONOLOMERAre AND (XURTZITE 
[ y / / / | BANDED GNEISSES COMPLEX 
[ / / I PHOSPHORITE HORIZON 
F I G U 
'f6m 
mmMpnoH OF SHUUCBIAPHIC UNITSI 
ThB rock ft belonging to this ^gmp eensltt 
of •Itornating bands of biotito-gnoifts and ^anlto** 
Blotitt md ehlosito-tehiftt wHiich mwf r»f»toft«nt oarly 
M^liBtfitt, aro found at eonatltitontt of thoat in 
taittliajm Mawar. At plaea ^lay ^rada into a ^anita 
gnaiaa or avan into an unfoliatad ^ranita. Thay contain 
alto sona hcarf^ianda-teliiatt and apidiorita fa^aaanting 
Intarbaddad aitarad baaie i^ naoua roeka* Bandad Gnaisaie 
ConplaA alfo occur in cantral and Mertb fiiawar m^ AJmar* 
eci^^riaing dark colourad achiata mi garntttifaroua 
frantilitea intrudtd by bietita granita, Anothar typa of 
^nisa which may bailing to tha aa«a ^mp oeeiir waat of 
tha aynelln«riuiii «nd eonaitt of a fina qrainad and aonav^at 
foliatad porpthyritic granita. Anethat variaty of thia 
^^iaa is tha gray ^na graintd aiightly foliatad granitic 
ganiaa that occur along tha foot of tha Ac^ivalli ranga on 
tha Horth-Waatam sido of Delhi syclinoriyail 
Tha bandad gnaisaic cosiplax i s also aaaociatad 
iNlth eryatallina liaiaatena naar Udaipur city. Zn Chitter 
aroa, i t i s aasociatad vdth AravalXi conglamarata and 
quartfita#« 
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At r«q«rd the ag« of th* bandl«d gnelssie complex 
Is c^nctrrmd. I t may b« iBontiomdl that erookthank (1948) 
states th@t thoir schistose coiq>onent in northern Met^r 
•re essentiallY the same as Aravalll schist and that 
they represent granitised Aravalll schist Shazsta, N*L« 
(1993) states that K.L, Bhola* who has stydied the 
Arevill is on either flanks of the syelinoriuai in Ajaier 
«id J o d ^ r i s also of the opinion that b«nd«d gneisses 
ate granitiaed representatives of the Aravalll s. According 
to Heron (1936), there Is a distinct erosiofial uncon* 
fwratity betwsen banded gneisses and mtm overlying Rava l l i 
rocks* The former are esq^sed in juxtaposition to the 
ly^delkhand One! ssi 
The basal beds which rest on Qneissie Complex 
•re mostly Arkose and grity guartzites. Shales and 
phyllites overlie th«se guartxites «^ich at places are 
associated some altered basic voleanics* Impure 
argill«ceous «id ferrugineous limestones occur in two 
fecios, ftst ss black m«ssive llmsstones as in Udaipur 
and the second one as lenticular ferrugineous limestones 
as in Bundi and Itowar^ * 
Polemitic Limestenet 
The limestone as exposed in the eastern and tht 
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nertlMirn part of th« af9 i s hard inassivo aru) qrmy 
in colour with varying dagra«t of erystalllzatlCNn. Th« 
roek urtit occuplas tha aattarn slope of th« hi l l in 
9r#atar part of tha araa. OolORitic limestone ^CNI% th* 
intrusion of s i l ica *t plaees. 
In the area of interest the delomltie limestone 
contain nearly 50S%S ealflum and 2 to 3^ magnesium* The 
dolomites* rloeely resemble the limestones in their 
9eneral »ppo9t9nem* Metamorphism at places tends to 
destroy earlier texture and structure due to w^ich no 
structure i s traceable in dolcmltlc limestone in the type 
area* In the f ie ld , dolomitlc limestone shows commonly 
buff weathering, Dolomltie marble involves large seal* 
cry stall i tat i on Bnd the end result i s graneblattic textur^* 
V\» dolomite in Kirbaria-k*-Qurha and adjaotnt areas are 
of very irregular in shape and form an anastomosing net 
wotk* F#w patches, completely isolated also occur in this 
ar^a* They have been interpreted as a product of attested 
dolemitisatien product by the 'nlgration of magnesian 
solutions through th«» reck (Qraffin, 1942 and Beates»1953)* 
I t i s mainly exposed in north-eastern part of 
the area and this continues considerably towards north 
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finally noting against dolomltlc marbl*. Th« 
quartxlt* It fwdluffi grained with v^hlte to buff colour'* 
Th9 orthoqu«rtzl te const! tuto a group of sand-> 
stem* charaetorited by th«ir high quartz c<i»ntent. In 
gt^noral the froewwerk fraction consists of atlo«st 90% 
quarts and chort. Tha chlaf datrltal constltuant I s by 
daflnltlen Is quarts. Tha quartz nay ba ultimately elthar 
of fliatamorphic or Ignaous derivation but much of I t i s 
probably darivad from aarllar sandstones. The easient of 
orthoquartzite i s prlsHsrily s i l i ca usually quartz, chert* 
and rarely ^ a l has also been reported as ees»nt^ Coawien 
earbox\ai«9 both e a l d t e and dolomite are present in addition 
to quartzl 
As regaids the chemical composition of ortho-
quartzlte i s concerned, i t i s exceedingly high in s i l i ca 
and contain l e s s than &*^% of other oxide#» But in the 
area undi» study the orthoquarttlte# shows significant 
quantity of lime end magnesia with appreciable amounts of 
Alumina and alkall<3s^. 
Q»rty Quartzlte SI 
These *f exposed In the central and southern part 
of the area* Tha colour varies from yellow to brownish grey* 
•SCu 
V^s rocks are usually br«cciated at plams and consist 
of angular to ^banoular fragawints. Ths rock I s 
calesreous in nature and bedding Is seen at places* The 
ehftrty quartti te contain mainly of s i l ica with calcit* 
and dolotnite. The most extensive siliceour^ rock of chemical 
ori«?in occur in the area as nodular segregation in dolomitic 
matble* The chert nodyles are very irregular, u?AJally 
structureless, dense masset of microcrystalline sil ica* The 
cherty quartzite way pinch and swell in irr«gular manner* 
In this aroa the chert i s relatively impure md 
thus shows tha carbonate dissamlnated throughout the body 
of the chert* Wsatharing of such material i s accompanied 
by oxidation and conservation of carbonate to a denae hard 
lironite ««^ ich form a black crutt over the whole reek* In 
parts the chert appears at ool i t ic* In some of the varietiet 
of chert the siliceous oolita, shows clearly the evidence of 
3 r^placettant origin* 
These rocks appear to be a transitional unit between 
the orthoquartzite and jaspery quartzite that i s clearly 
se<9n in Mat on ridge* 
Phyllitast 
The rocks are exposed in the valloys and eastern 
p«rt of the Mat on h i l l and havt be^ n^ grouped together as they 
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fri^« into eachoth«r because these can hardly be any 
dlfferentlatlofi betwaen them. The rocks are medium 
graif^ed md l ess perfectly cleared as eoaipared to s late . 
Thsy art fer?n«d by low t(«reperature reqlonal ni«t«norphi«B« 
In g©n@ral, phyllites are highly fractured, thick beddings 
and '-am contain muscovlte grains associated with pyrlt®. 
The phyll ites overlain the thick massive and highly 
frac^jr^d and jointed guartzites. 
The phosphorite bar^ at Karbaria-ka-Ourha area 
occwffS as a single hfa-iicm following the bedding and 
«tructur«l trend of the associated roeks*^ ; 
As a result of depositional fades chants th9 
pho'H^horita find associated with dolomitic liiaetttMie In 
ttio nopthern part and vdth cherty quartzit© aand sMidy 
phyllites In central and southorn part. The general trend 
of rocks In tho area Is !«-.SW with normal dip of 50® to 60® 
towards west or NW, Tlie phosphorite horizon i s traceable 
ov^r a straight length of nearly 700 metres with thickness 
frotr. 0.5 to 6 n»tres. Tlie btfu) shows pinchirg and swelling 
at a number of plaeesl 
^S^f 
Photphate at iCajrb«rla->ka«Gurh« i s of banded 
tVP9 th s^© «re nainly associated with cli^rty quarttite 
mA of doXoRltic limastona. Th« phosphatle material from 
t!« cherty quartzite show usual dark ^ay colour in a 
y9llo>Aish browi cherty backgroumJ. At eoiRe plaeas occur 
as t subangular to angular fragnants of varyinQ %tz%% 
froKB faw fRTO to 6 CRi in rtlametor. lut ganorally tlio 
phosphor!to i s of bondod typa% 
Tha spadfic gravity of tho rock phesehata ranqos 
from ?«79 to ItS^ with an avaraga of a .^e. I t i s much 
siwilir to th«t of Maton rock phosphata .^ 
Hod: phosphato in ganaral i s uneonsotidatod soft 
to fnadium hard mats and «#ioro i t i s conpaet* ehorty» and 
as tough as quartxito in toras of hatdnoss. 
Rock phosphate band in Karbarta-ka-Gurha i s 
s?rr$:%'nded on bcth i t s tides by kaolin deposit* Northern 
podrtion of ^ e area i s rich in kaolin^* 
9^ oat of the rock phosphate deposits in the are 
under study over the village end at other places also t\m 
deposits have no overburden and hence the depoeits are 
easily anenable to open eaet mining at lew cost* There i s 
a wide variation in the C[uality of phosphorite from bed to 
bed as well «• la ter l ly . Th^ P^^ contents in >tabaria-ka-.aicha 
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ranges frcwB 15 to 77% with calcium 25-50^ s i l i ca i s lovl. 
Th« phosphste has been identified under the 
mieroseepe as pale grey to grey collophane which occurs 
as the alternating bands vdth calcite with detrital quartz* 
^iiineralegieaX studie* conducted by I.B.M. on a bulk sample 
revealed that phosphorous bearing mineral» are calcite arvA 
quartz* Same amount of ser ic i te , muscovite« hematite, 
feldspar* e tc . are also present^. 
The Qeologlcal Survey of Xr i^ia has estimated the 
reserves of phosphorite in this area at nearly about Cf»60 
million tonne#. 
3 4 
CHAPTER - XV 
yETHOD^  m nwm^"'^ 
The techniques adopted for field and laboratory 
Investigation are mostly related to the nature of prebJlesi* 
Broadly the present study the following techniques have 
been applieds 
(a) Freptration of detailod surface geological nap of phos* 
phatic and kaolin deposits of Karbaria^ka-Ourha vteB*» 
(b) ixaminatioft of field eharaetoristies of the country rock 
and systematic collection of selected rock samples'* 
(e) dose examination of phosphate deposits end selection of 
samples for chenical analysis* 
(•) Thin section study of rock typest especially rock phosphate* 
(b) Chenical analysis of rock phosphate s«^lea^. 
In the chemical analysis tho method for preparing 
the solution of rocks and minerals ^9 outlined by f^nardi 
Shapiro and #*V* Brannock has been adopted* The rock samples w»r« 
powdered to 300-400 mesh and tvio types of solutions A & B «mr« 
prepared for the analysis of major element^ 
• •39* * 
Procaduf for Dg#e«ration of SQlutian *A'i 
Solution *li* I t u«od In tho dotoznination of s i l ica 
and alumina. In tho presont study majority of tho saieplos 
aro rich in a earbonato md photphato contonta for iNhieh 
a 300 mg portion of tht tamplo potior Is usod. Tho follondng 
proto<^ro i s adoptodi 
1^ * T^antftr 5 ml. pot ion of 30 poreont MaOH in Nlekol 
eruiciblol 
SP« Evaporato tho solutiMi to drynoss^ * 
3f« Aecuratoly woigh 2CX) m^  rock powdor and transfor tht powdor 
to a crueiblo containing tho NaOrf* 
4* Covor and hoat tho crueiblo to dull ridnoss for about 
5 ninutes. Allow tho molt to cool* 
Wi Add about 50 oil of wator to oadi entdblo covor and allow 
i t to stand ovor night or until tho molt disintogratos 
eflmplotoly. 
6* Transfor tho contonts of oach crueiblo to a ono l i tor 
volumotrie flask (proviously rinsod with 1 t 1 HCl) 
containing about 400 ml of wator and 20 ml of 1 i 1 mi% 
T« Diluto oach solution to tho nark and mix wall and transfor 
into plastic bottlo#* 
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Solution *B* i s uMd in tho do to rtni nation of tetol 
iron, liigO, CW3, TiO ,^ P^O ,^ MnO^ , n^^O and K^ O, 
Tho tamplos aro digottod on tt^am bath ovor night with 
a mixturo of HF, H^ SO^  and HNO^ . 
!.> Trantfor 0,500 gm of oad) sample to a platl^ Sum erueibW* 
Sf* Add 15 ail of solution «B* acid mlxtus* which Is pr^pfiXwH 
by mixing 1 pound of Hydrofluori* acid (489^), 165 ml of 
conetnl4rated H2^4 and 40 ml of eoneontratad HNOg^ i 
#• Cevor tho eruelbla and plaes on tha sttatn bath and allow 
to heat over night* 
#• Bamovo the eofor and continue t o hoat the eruciblo on stoam 
bath for ^out ono hou]^ « 
9^» Completely transfer the eentants of tho crucible to 400 ml 
boakors using a minimum of watei^ * 
0', Plaoi the beaker on a hot plate and heat until fumes of 90^ 
start to evolve, then removs them ;^ 
7« lihen SO3 fumes have stepped coming off, add about 4 drops 
of perchlorie and nitric acid mixture (100 ml HC10 ,^72^) 
and 100 ml of HNO3). Allow aaeh beaker to heat until strong 
fUmas evolve t^d eolsur i f any due to organic matter i s 
disappearod. 
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8. Btinbve th« be«k«r from hot i;d«t*» allow than to cool for 
a f«w minutes thon add about 225 ml of wator, 5 ml of 
concontratod HNOa* n^d 1 ml of Hydr«zln«flulfato volution 
(0.2^). 
9« Replaeo the boakor on tho hot plato ami hoat i t to boilirsg. 
If a brown precipatate of MnOg ro^ains after the solutions 
have boiled for a few minutes, an additional ffiilliliter of 
Hydratinesulfate should be addeded* 
10. cool the solutions to rooen temperatuji^, then transfer to 
290 ml volumetric flask* 
11« Dilute to volume, mix and transfer to plastic bottles* 
Qittrmaintttflfi af Yir tm f,ftnfUtutntti 
The chemical ansly^is of twentyjone sanples ranging from 
phosphatic and dolomitic limestones of phosphatie bands was 
mads vdth the view of knowing the chemical behaviftir of 
essential constituents and how they vary in various rock unit#* 
The data are given in t i^le • 4, 
Some of the important elsments art s SiO^, AIJO3, Fe^ps* 
FeO, MnOgf TiOg* P^jt CaO, WgO, NagO, KjO and HjP. 
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The follov^ing •leiMnts vmtm d9t*xiRin«d by th<i Beekatan 
DU->2 spectrophotometer at vfv lengths noted against eacht 
Silica 
Alumina 
TlO^ 
MnO, 
^^3 
T^5 
640 mu 
675 mu 
430 BHl 
525 nu 
560 mu 
420 mu 
0*12 mm 
0,09 mm 
009 mn 
0.14 mm 
0.14 mm 
0,11 mn 
l la^ and K^ vnere determined from the same solution 
by flame photometer. For determination of soda and potash 
dilution series for sodium and potassium of varying ranges 
(1<-1C )^ has be«n used and the flame photometer has been set 
up in this range. The present N i ^ and K£> determined by 
plotting of the Galvanometer readings vs. dilution aeries 
pereontage on graph paper. 
Calcium and magnesium v^re also dttermined by tho 
solution, following the method outlined by Prof. R.C. Sinha 
(1973) calcium and magnesium in solution *B* were determined 
by titration with EDTA using Erichrome black T as indicator* 
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The calcium plus magndsium and magnesluin alone are 
determined volumetrically and from them calcium concentration 
i« calculated out. Titration i s done visually* 
Wttr (H2O+) i s determined by using 9 inch long hand 
glass tube (0.2 inch in inner diameter) with two bulbs on© at 
the end and the other in th« middle, (me tube for each sample 
has been used^ « 
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CMAPTiR* V 
n&tk pho8f^«t« i t « eeesMreial tmxm fot « foek 
eontalnin^ ent er mew phot|»li«t« mlmralst usuilly ealeiytt 
pho$ph«t« of tuffieient c|t«il« and tultal)!* eofB^o^tieii t» 
ptmdt Its y«i «lth«r dir«cUy er «ft*r eon««ntJr4it|^ in safiu* 
faetufinf ceBR>«rci«l prodycttl 
Th« photph«t« mimrals •tm knoitm to occur in tlm 
feXlovfing rock typtt difforing in tholr niodo of otlfiiit 
1. Sodimntary photphato or phosphorite 
f. Apatito oeetirrinQ in «t$oei«tiof) with «eid mA basic 
ignoQus rocks in tho f«n» ©f voint* 
3. Quimo doposit. 
Moto than a59( of tho worXd*s f^qtiifwaontt of phosphate 
aro iR«t fron tho phosphato daposits &f sadisisiitary orlfin^ 
Tha phosphorita in India occur as bands varying in 
thickness fron ana matra to aS mjch as 50 natras astoeiatad 
with black sh^a, chart, limastona* dolcsiite, chorty quaitzita 
and stromatolitic doXomita. Pinching and swalling of thaia bands 
and facias variation both along tha strike mnd dip a«e the coooien 
feature i^  
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The Inportartt types of pho«phorlt«t fouruJI in India 
•f t 
1. Granular phosphor!ta 
2. Pallatal phosphor!ta 
3. Bandad phosphorite 
4'« Phosphatic Nodules 
5. Algal phosphorite 
6. Bracelated or fragnental phosphorite 
7. Fossil!ferrous phosphorite 
Granular phosphorite i s massive and has a fine to 
swdiuai grained texture and i s composed of eoHophana 
grains aiiil>edded in the matrix of carbonate of lime and s i l i c a . 
In another variety, franeolite occurs in a ground mass of 
carbonate of lime alengwith collephane wMch i s generally 
Moathefed »id give ri se to t hi powdery material''. 
The pellets are elongated and nf made up of eollophane 
and phosphatic chert v^ich f embedded in a matrix of phosphatic 
carbonate of lime and of cellophane i t s e l f or in sandy clafey 
material, as in Mussoorie and Birmania areas. The lent ic les and 
pellets vary from 2 mm to 60 ms in length and one to six 
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mllIiiMtr«8 in breadth, «r)d ^rwrAlly dcojr p«rall#i or 
oub«.p«raIleI t o beddlngi 
This v«ri«ty of phosphorit* i t found in southern 
parts of Maton r id^» as thin bands varying from 1.0 t o 10 cm 
in thieknoss. Ths phosphorita bands occur altornatively with 
fina grainad limastMia. Iha pheaphata bands th^nsalvos shew 
thin altamating Itminaa cenposad of quartz JWXI e^lophana or 
ealeita and collq^hana^. 
PHDSPHATIC NOpULSSi 
This typa of phosphorita i s mostly found in ^^ssoorla 
araa. Tha nodulas, coeposad of fina grainad phoi^yhatie 
matarial which Is arrangad in concantric or radiatinci mannar 
with a nuelaus of s i l i c a or carbonata of l ima, occur «dd«ly but 
spareely dlstributad within tha horizon. Tha nodulas ara 
flattanad al l ipsoldal to lansoid in shapa and ara ganarally low 
in Pj^j centant* In Tiruchchir^al l i araa tha nodulas uf 
globular* al l ipeeidal and irragular in ^9p9 and ara travorsad 
by cracks f i l lad with gypsum, ca las t i ta or calearaous mataridl^. 
ALQAL PHOSPHORITEi 
Phosphorita asseciatad with algal structura (stromate* 
l i t a s ) ara found in tha Aravalll rocks of south Raj«sthan and 
«r© «lto F^poet»d from Plthoragarh ajr«« of U.P. In 
R«j««th«n the phetphatlc stromatolitt found In Jha(sar*Kets>«, 
Maton and th« araa undar study. They are typically bluish 
grey in colour and occur as ill^deflnod cylindrical eolynmt 
«dth convex lanlnae in dolonitlc aiarble. Tho cdlumn vary In 
In height fr«i 2 to 15 cm and In width 1 to 2.5 cm. Tbest 
are oral, dreular to elongated In shaped 
In this varlaty angular to subangular fragments of 
algal phosphate are cetnented In eherty and calcaraoua matrix, 
e.g'. Udalpur area, Rajasthan^. 
It contains various fos t l l t t mainly gastropods 
lanelllbranchs, ostracod«, e tc , which are at places r@pla«»d 
by phosphatle material. I t I s generally associated wl^ tit 
ferruginous sandstone and ben ton! te clays. This type of 
^osphorlte Is profusely found In Fatehgarh area, d is tr ic t 
Jalseiner In Rajasthaol 
The phosphorites of Rajasthan differ markedly In one 
respect from those of U.P. In that they are associated 
principally With limestone and that the argillaceous and 
arenaceous contents are not approd^le . In I^npur 
(tC«rb«rla«k«-<Qui^«) phosphorite, collophano foxns 
irrogular b«fidt« R»eryst«lllt»d apatite and ealelt* veins 
«r« froquont. In Maten photpihorito, pho«ph«tic p«ll@ts and 
neduloft noaturing upto 3 en ara found diaparstd in a matrix 
n^ieh is farruginous eharty* quartxitie or ealeitie* 
Taxturally, Kirbaria-ka-G^rha (Kanpur) phosphorita is vary 
nueh diffarant fron olhars* In this araa, eoilophana oeeura 
in tha foriB of irra^ular band in dalanitie linastena* On 
waath«ad aurfaeas tha phosphatie bands balng ralativ«»ly atora 
i«sistant, stand out in ra i iaf • Tha eollophana bands 
eoeipiataiy lack pallatal arran^aaiantl Thay ara cooH^ osod of 
eryatallitas of 2 to 3 u in sixa, haxagenai in ootllna and 
faintly anisotropic* Nunarous vains and vainlats of oaloita 
eut across tha phosphatie bands. Qrmiulmt apatita fraquantly 
oeeurs alon^ tha eentaet of largar ealeita vains with 
eollophana bands and nay ba ttia rasult of raerystallization of 
tha latar* 
Tha phosphatie roek of Kirbaria«»ka-<3urh« (Kanpur) 
area ahows a nesaie of ealeita narbla and del ami to with 
faintly davalopad arching laninaa'* T^sa ara narkad with 
datrital quartz and disaaninatad phosphata minarals aXon^ tho 
nar^ins of tha laninaa. 
«>4JVw 
TV» cheif minerals of pho^horous tr« apatlt«t 
3(Ct3(PO^)g) Ca(F,a)«j fluorp«tlt«, c«^(P0^)3F| chlorapAtit*, 
C«J{PO^)QCI| hydroxylapatlts, Ca^(PO^)g(OH)| coll«ph«i»#, 
C#3(PO )^gC#003j mof»*«it». ( O , N#, Pr, i«)PO^ • (Th3{P0^)^)> 
tr ip l l t* (F«, Mn)3(P0^)5(F«, Wn) F^ i^ vlvlanlta, F«3(PO )^2«8H2ps 
w»v«lllt«, 4A1P0^.2A1(0H)3.9H20| and staffal l te , nCa^iPC^)^, 
C»f^,CBCO^,Hj:i, Variatlas of native ealeiun phosphate feund 
in fibrous eempact or earthy matsas ofton nodular and mom or 
lass lotpura ara taniiad photpherita* 
Tha optical and physical propartles of th^ eommort 
phosphata minarals occur in this arta 9r9 givan as followst 
ffmw 
Apatita often occur in crystalline form, the crystalt 
being of different s i i e s , eeeasionally large and also in 
massive forms. Apatite crystall ises in hexagonal f?/stem and 
has a specific gravity of 3.2 and a hardness of 5. The colour 
may be v<«hit»« grey, brown, green and bluish green •nfi vittecms 
to resinous lustre. Zn thin section* i t i s generally colourless 
with poor cleavages. Tho coloured varieties of apatite #iow 
weak to moderate pleochroian with abeorbtion E w« Apatite *r9 
the most abundant phosphorous-bearing mirerals, the c^monest 
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v«rltt i«t *f fluorap«tlt«, hydroxyapatit* m\4 dahllitt^ 
Dahlllta 1$ a nan« utad for tha variaty of eatbonata apatita. 
Tha nain diatinguishlng faaturas of i^atlta la of i t s hi^h 
xoilaf and low birofranfanea with tiralght axtinetlon and 
absanea of a good cloav^^* Tudnning ia laro^. 
CollopHano la anametphoua viuriaty of apotlta* It la 
bro«fi« yallowiah brown to gray In colour. aowotiiMia eolourlosa 
too* grains aro oolltle* I t alto ahowt tha erganie atfttetyfo, 
Xrragular f^aeturoa nay bo oaon on t$io adgot* Ttio rol iof I t 
«odorato. Isotropic but nay ihow viaak birofrlngoneo^* 
Colourloss to palo brown In tboir aaetiono and otoir 
as hoxagonol crystal. In flno gralnod aggrogatt of igodtrato 
rollof* Tho blrafrlngoneo I s woak and Intorforoneo eolourt 
aro bluish groy to whlto of f irst ordtr^* extinction I s parallol* 
Oahlllta Is Much llko apatlto but It Is a socondary nlnotal^* 
Undar mlcroseopo dahlllta shows tho rlns around eollO|^ 4Hno^ « 
MDKAZIT^ t 
Only In aomo alldos I t has boon obsorvod* Xt I s 
c^surloss and occurs In oubodral crystals of nonoellnle 
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h«i>it*, d««v«g« i t p«r«12«l «fid Shaw hlqh r«li«f« HW 
fHwnmteim i s v«ry vi»ak, from light y«Xlow to very l i fht 
yt^lew. Xt h«s a tnali •xtinetion mql¥» Tb« interftx^ne* 
figure of monfttU i s biexiel positive with a flBiall a^del an l^a^ 
CHAPTER • VI 
Photphorit* i t th« Mcond re«mb«r of nltre9«n 
fMily in th« ^reup V-A ©f th« p«riodic tysttn of e la t s i* 
fieation. I t s atomic mmbor i s 19* Tho othor ii«fiib«rs of 
th« nitroQon family ar* araenie,«ntiiiiofiy and bianuth* This 
family of aloiionts i t an into rotting ono in that tho f fr t t 
aioirt9or, nitrogon, i s a gat. Photphorout i t a non«>«etal, 
artonie i t a brit t lo motal, antiOMiny i t moro notall ic in 
appoafaneo anij bianMth poseottot a motal thoen and! looks liko 
a truo aiotal^ , 
Photphorous was diseovorod by Honning Brand in 1869^ * 
Xt doot not oceujT froo in naturo but i t t prosoneo wat kfio«fi in 
ninorals* oros, and in aniaalt at wtll at in vogot^lo 
HngdoMt* Photphoreut forrat about 0«12^ of tho oajrth*s e iust , 
and i t i t a ostontial conttituont of l iving nattox^* 
Vf» only important eommoreial touroa of photphorous 
aro tho mintralt eolloetivoly knovfi at apatltot, of th@ gonoral 
formula t Ca^x(P0^)3t*X* may bo fleurino* eaxbonato or 
hydroicyl* Phosphorous ex i t t t in throo allotrepie forms namoly 
whito, rod and black, tflfhito phosphorous i s uotd in chemical 
•49-» 
w«ffar« at an antiptr«onn»l agont ardl a snoka tganarator* 
Had phesphoreut i s uaad In vvDod and papar safaty matches* 
Black phoaphoroua compound a find thair major utot in a§rleultur«« 
laOTYPISW OF PHDSPHATEi 
Wadapohl (I9''t)) notad tha fellovvlng compounds w^ich sra 
isotypic with photphatoi^ ^ 
1. By raplaeomant of ca t i^s* 
7, By raplaeamant of phosphorous atom* 
#• By roplaeamont of oxygon atom which ora 
boundad vidth phosphorous ston^* 
4-« Combination of savaral of tho ^ova mantioned 
possibilitiatf* 
IsomoBphous rapidoament of cation in phosphats i s 
vsry eommon* ^sanatas substituting for phosphsta in 
fluoarapstita i^* 10(^^4)^^2^ ^** ^^^ raportsd by iCrau^opf 
(1959) and McConnall (1938). 9tow (1969) netieod invars* 
corralatien batwaan arsanic and pho^horous. Carbonato 
constituant for phosphata was noticed by MeCennsIl (1960» 1965) 
and Stow (1969). Raplaeamant of s i l ica by phot^horous has basn 
studied in detail by many of the earlier workers* Keritnib 
(1965) reported the highest raplacement of silicon in the 
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monosilicattf and lowvst in t«ctosilicatt« 
In the present study th« aothor hds tried to 
e s t ^ l i s h the relationships. If any* between phosphorous 
on the one hand and s i l i c a , calcium«>0)dde, ma<3nesluR)«>oxide, 
alumina, sodium, potassium, iron etc on the other 
in the phosphatlc environment* 
ftolationshio of Phosphorite with Si l l cat 
The s i l ica content In phosphatlc rock varies fron 
11^ .339$ to 20.46:^ While in dolomltlc limestone i t ranges 
betvveen 31.23^ and 46*63^. Usually lesser the s i l ica content 
higher the P^ O content in a sample. The rock pho^hatet 
and dolomltlc limestones that contain high P^ s^ '^^ po(»r in 
SlOj content (Fig* 6 ) . This ^j^y^^^2 '•la^i<>"*^^P ^s much 
dependant upon the nature of rock type and the forirer increases 
with the decrease in amount of the latter and vice versa* 
Lime and Maqnesifx 
The CaO content in phosphatlc rock varies firom 
29*50^ to 52.11% and the magnesia in the same rock type from 
2f.56^ to 6.83^ whereas in the dolomltlc limestone CaO ranges 
from 31.89^ to 41.91^ and MgO 3.4i?!S to 6,83?S. Phosphorous in 
dolomltlc limestone i s very low as compared to lime and magnesia'. 
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Th# phosphJtlc lifwston* or dolomite that It rich in 
P^Oj, i s poor in calcium or magnesium content. I t indicates 
that P^^ i s substituted for both dC and MgO in these rock 
types (Fig».7 & 8 ) . 
Aluminei 
Variation relation of alumina vdth P^Oj in both the 
rock types under study i s almost the same as that of s i l i c a * 
lime and magnesia. In dolomitic limestones* i t ranges fron 
3.73?S to 15.593S v^ereas in phosphatic rock i t varies fro« 
0,6B% t o 10.85>r, (Fig. 9 ) . 
Ferric and Ferrous Oxidet 
The Fe.O^ and FeO content in both phosphatic and 
dolomitic limestone i s not very s ignif icant and fel lows 
nearly the same relat ion with pho^horous as mentioned above^ * 
The ferric oxide in dolomitic limestone varies from 0«83P^ t o 
1.75?S and in phosphatic rocks from 0.06SI5 t o 1.72^, The 
percentaoies of Fs^^^ in both the rock types i s almost constant 
and i s present nearly in the seme proportion in both the reek 
types. 
Th« ferrous oxide also follows the same pattern as 
that of ferric oxide and in both rock types i t s amount does 
not vary and ranges between 0.4?i£ and 1^. 
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TlMi ferrous and ferric oxid« contents in th»M 
rocks do not show any significant trend with the InereaM 
or decrease of s i l i c a calcium or phosphorous (Fig'. 10)• 
*^iuB> and Potassium Oxidest 
The soda (Na^) ip phosphatic rock ranges between 
0.075% and 6.0^ whereas in iolomitic limestcme i t varies 
from 0,075 to 0,i75lS and thus, i t reveals that with the 
increase In phosphorite content there i s an increase in NSJO 
content and vice versa^* 
Potash (K^O) content in both these rock types i s 
fa ir ly low in comparision to <^S2^ * ^^ varies from 0*025;^ t o 
0,25^ in phosphatic ss well as in dolomitic limestone (Fig,11 & i : 
Manganese oxide and Titanium exidet 
M^anganesedioxide (MnO )^ content i s very low in 
phosphatic and dolomitic limestCMne and does not show any 
relat ion with one another. I t varies from 0,002^ to 0,143^ in 
both dolomites and phosphatic limestones^* 
Titaniumoxide i s found only in a few sauries vuher«as 
in majority of samples i t i s to ta l ly absent. I t paries frMi 
0.028% to 0.31Slf. 
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WittyI 
Th» water content In phoephatic rocks varies from 
0.16^ to 2.?4!^ «i^ile In dolomitic limestone i t r«ig«s 
between 0.249^ and 1.74^ indicating that phosphatie sediments 
have a greater water adjustment capacity because i t increases 
with the increase in phosphatie content in these sediments and 
vice versa (Fig, 13)-, 
Calcium oxide/Magnesiutn oxidetys Sodium oxide/Potassium oxidei 
Table 5 and Fig. 14 show that the percentages of 
calcium and magnesium oxides increase with decreasing sodium 
and potassium oxides. ThisrelaticNn, thus, indicates that 
sodium or potassium ere unstable in a calcareous environment 
and replacement of one increases the other* 
Total Iron/Alumina and Calcium oxide/Magnesium oxidet 
The FeO ^ FejC^/Al^Og varies both in dolomite and 
phosphatie limestones from 0,05^ to 3,76^. CaO/MgO:^  ranges 
between 5.73^ and ?6.05^. I t reveals that the ra t io s of 
CaO/MgO increase with the decrease In total iron/alumina 
Table-6. (F i# . lS ) ; 
Total Iron and Titanium oxide v s . Total Lime and Magnesiat 
The relationship between tota l lime and magnesia 
and total iron + TiOj in phosphatie and dolomitic l inostono 
2 3 4 5 6 7 8 
FeO + Fc2 O3 + T i 0 2 
FIG. 16 RELATION BETWEEN CaO+MgO AND FeO+Fe203Ti02 
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shovf that total lim* and magnesia Incraata vdth decrease 
In FaO + F j^Og • TiO^ or farrous content a» thowm In Fig•16 
and Tabl»-7, 
A« 8ho»«) in Fig*. 17 and Tabl#-8, tha CaO/MgO^ varlat 
from 32.15?^ to 53.48^ in both phosphatlc and dolomltlc lima* 
Btona whlla Ni^ O • K^0% varlat from 0,05% to 6';255 ,^ Fig. 
Indicatas that total lim* and mar;n«sia increase with tha 
(lecrease in sodium and potassium oxides and vice versa^; 
GEOCHEMIC/^ 1 CLASSIFICATION OF ROCK UNITSi 
Th# major oxides namely CaO, ?4gO, PJD- and SiC^ in the 
rock types tabl«»9 of the area undor study have been plotted 
(Fiq«18) on a co-ordinate paper and a c las s i f i ca t ion as proposed 
by Khan (1977) has been adopted. FollovAng the baf^ls various 
rock units of th i s area have been cptagorised as hereunder! 
SiOj and P ^ j fa l l ing within a range of ?0.80^, 
Calclc-Si l icanit#; 
Those are s i l i c a rich rocke containing upto 50^ of 
CaO, MgO and 2^*^ 5* 
FIG. 19 DISTRIBUTION OF Si02 IN 1.SILICEOUS 
LIMESTONE 2.CALC. SILICANITE 
3. PHOSPHATIC SILICENITE ^.PHOSPHATIC 
DOLOMITE / LIMESTONE 
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Phetphatlc-Sil1canlt» i 
Sandstone f>T s i l i c a rich rock that contain 20-50?{ 
of PgOj. 
Phosphatlc-Dolornlte/Llmestorrt 
Doloffiita or limeston* that contain 20-5C8S ^2^5" 
Majority of th« world's so called pho^hatlc deposit f a l l 
In this group, and same i s the case with the phosphorite 
deposit of area concerned in the pxtsent study. 
DISPERSAL OF VARIOUS CHEMICAL OONSniUEKTSi 
Samples for the determination of the constituent* 
such as SlOj, AljOg, FeO, P^p^t CaO, MgO, MnO, T10-, t.a.O, 
KjO and H^ O are mostly representative of various l l t h o l o g l c a l 
un i t s of the area. The distribution of these constituents show 
a wide v a r i a t i w from rock to rock. The distribution of 
constituents In the various l l tholoqleal uni ts of the area I s 
as follows: 
S i l l con-Oxide t 
The SlOj content in s i l iceous limestone I s much higher 
than in other rock uni t s and ranges from 37.74 to 46.63ri. S i l i ca 
In calcic s l l i c a n l t e and phosphatlc-sl l lcanlte I s 3 1 . 2 3 ^ 6 . 6 3 ^ 
and 38.75^ respectively. In phosphatlc dolomite/limestone i t I s 
• 
no. 2 0 DISTRIBUTION OF AWO3 IN ^•^'^'^,^,^^,^. ^ ! f ' T ' 
2. CALCIC 51LICANITE 3. PHOSPHATIC SILICANITE 
U PHOSPHATIC-DOLOMITE/LIMESTONE 
FIG. 21 DISTRIBUTION OF MnO 1.5ILICE0US LIMESTONE 
2.CALC SILICANITE 3.PH0SPH ATIC SILIC ANITE 
4 PHOSPHATIC DOLOMITE/ LIMESTONE 
I 
FIG. 22 DISTRIBUTION OF Fe203lN 1.SILICEOUS LIMESTONE 
2.CALCIC SILICANITE 3-PHCSPHATIC SILICANITE 
4. PHCSPHATIC DOLOMITE /LIMESTONE 
FIG. 23 DISTRIBUTION OF FeO IN 1.SILICEOUS LIMESTONE 
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I 
I 
I 
FIG. 2 A DISTRfBUTION OF TlO;^ IN 1.SILICEOUS LIMESTONE 
v^C. SILICANITE 3.PH0SPH ATIC SI LIC ANI TE 
A.PHOSPHATIC DOLOMITE/LIMESTONE 
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much lowtr and varies from 11.33 to 24.815S (Fig,19)*» 
Th« p«rcentag« of Al^ O^ in phosphatic dolomite/limestone i s 
quite low (0.68-10.859^), and in phosphatic s i l i c a n i t e , 6.10?<. Th« 
Al^ O^ percentage i s quite high in ca lc ic s i l i c a n i t e and varies fron 
9.15 to 15.59'^, whereas in s i l i ceous limestone i t s variation range 
i s 3.73-13.22^ (Fiq.20)*. 
Ftrrlc QdUft 
The F«2^3 Percentage in all the rock types varies from 0.15-1.2940 
in s i l iceous limestone i t ranges from 1.50-1.75^, in ca lc ic s i l i c a n i t e , 
0.06^. In phosphatic s i l i c a n i t e and limestone/dolomites i t s range i t 
C.06-1.7r>5^ Fig.22. 
The percentage of Fe6 in s i l i ceous limestone varies from 0,84 
to 0,92515, in ca lc i c s i l i can i t e 0.76-0,84^ and much lower in phosphatic 
s i l i can i t e (0.40^), vrfiile in phosphatic dolomite/limestone,FeO percen-
tage ranges from 6.40 to l.OC^, (Fig ,23) . 
HOj occur only in phosphatic dolomite/limeston#. The 
average percentage of f ive samples in which i t occurs i s 0.31 
(Flg'.24)f, 
Hinqflntw QMQJ 
The percentage of WnO in a l l the rock types i s very low 
and varies from 0-0.055S in s i l i ceous limestones and in c a l c i c 
s i l i c a n i t e , 0-0.05^| phosphatic s i l i c a n i t e 0,02^ and phosphatic 
FIG. 25 DISTRIBUTION OF.P2O5 IN 1. SILICEOUS LI MESTONE 
2 CALCIC SILICANITE 3.PH0SPHAT1C SILICANITE 
U PH05PHATIC-DOLOMITE / LIMESTONE 
FIG. ?6 DISTRIBUTION OF CaO 1. SILICEOUS LIMESTONE 
2 CALC SILICANITE 3. PHOSPHATIC SILICANITE 
^ PHOSPHATIC DOLOMITE /LIMESTONE 
FIG 27 DISTRIBUTION CF MgO IN 1.SILICEOUS LIMESTONE 
2. CALC.SILICANITE 3.PH0SPHATIC SILICANITE 
4.PH0SPHATIC DOLOMITE /LIMESTONE 
I 
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dolomite/limetton* 0.002-0.22SIS, Pig.21. 
Phosphorous Pgntaoxidat 
Th# p«rc«ntag« of P^^j ^^ phosphatlc dolomite/ 
llnrnttono i s quit* higher and varies from 22.75 to 27,35S 
and in phosphatic s l l i c a n i t a i t i t 19.2^ and docrtaces in 
ca lc ic s i l i eani ta 1.0-6.2^ and in sil icaous-limastone i t i t 
0.6^ otaly (Fig .?5) , 
Cilcium-Oxide» 
The CaO percentage in phosphatic dolomite/limestone 
i s high and varies from 26,18 to 52.11%. In phosphatic 
s l l i can i te i t variet from 31.899IS to 39.5%,(Fig.26)• 
Tht WqO percentage i s comparatively high in phocphatie 
dolomite/limestone and varies from 2.56 to 7.25% and in 
phosphatic s i l i can i t e i t goet upto 3.4l5iS (F ig .27) . 
The N*2^ percentage varies from rock to rock .^ 
Sil iceous limestone contain 0.05-0^155^ N«_0. vtihereat I t I t 
0.053S in calc ic s l l i c a n i t e and phosphatic dolomite/llroettone 
i t i s 0,(Xt% and 1.69S in the average respect ive ly . Phosphatic 
FIG. 29 DISTRIBUTION OF K2O IN I.SILICEOUSLIMESTONE 
2. CALC.5ILICANITE 3.PH0SPHATIC SILICANITE 
U. PHOSPHATIC DOLOMITE /LIMESTONE 
FIG, 30 DISTRIBUTION OF H2O fN 1. SILICEOUS LIMESTONE 
2. C ALC.SILICANITE 3.PH0SPHATIC SILICANITE 
A. PHOSPHATIC DOLOMITE /LIMESTONE 
•58 -
s i l l can l te contain th« lowest percentage of Na.O (0,075%), 
(Fig .28) . 
Th« percentage of K.0 i s imich low In a l l the rock 
typet analysed to fer and al l these l i tholoqica l unit have 
same distribution of K^, SillcewJs limestone contains 
0,05-0.75% of KjP, c a l c i c - s i l i c a n i t e 0,05-0.55lS and 0,055 to 
0.25^ the least as compared to other rock units i s present in 
phosphatic dolomite (Fig .29) , 
Water {n^O*)i 
The percentage of H^ O i s lower in phosphatic e i l i c a n i t e 
(0.43^) but i t increase in ca lc ic s i l i c a n i t e (0,64^)« f M l t in 
s i l i ceous limestone i t goes upte 1,74<^ and in phosphatic 
dolomite/limestone 2.^515 (Fig .30) , 
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SUiWARY AND OONCIJUSIOW 
The prewnt study i s an attempt to study in 
detail the geology and geochemistry of the rock 
phosphate deposits around Karfoaria-ka-Ajrha area of Kanpur 
in Udaipur d i s t r i c t , Rajasth^n. The chief phosphate mineral 
of tha marine deposit i s apatite that contain small «nountt 
of other constituents. An assessment of the physical 
characters and chemical nature as well as principles pertain-
ing to the equilibrium relations of apatite in sea water 
and some other natural solutions i l lus t ra tes some theoretical 
background of mode of occurrence of the deposits. 
Penrose (1888) and many other la ter workers postulated 
organic modes of formation as they noticad true coprolites 
and other skeletal materials such as bones, shell and tissue 
of marine organisms. 
Same have reported that phosphates are the replaca* 
ment of carbonate shells and sponges. The proponents of 
organic origin for the world* s major phosphate deposits 
include Fisher (1873), Goldman (1922), Trask (1939), 
Waggaman (1952), Mc Kelvey et al 0 9 5 3 ) , Graham et al (1954), 
Gulick (1955). Had f ie ld (1958), Ames (1959), Le Geros (1965), 
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Da^n« (1965), Qulbwindson (1966, 1969), U Qtrez et • ! 
(1967), IQrauskopf (1967), B«rg« (1972), Marcus© »t »1 (1975), 
and Patvwardhan m% «1 (1975). 
Kazakov (1937) was tho f irst to concluda that pheaphata 
i« pracipltatad on ona si da of a basin whars daap ptiotphata 
rieh watart Mfm rising (upwalllng) along a shalf* Oeeraaaa in 
pfasaura and warming of watars rasult in a loss of earbondioxida 
«iid causa tha pfacipitation of apatita, \Miich occur balow tho 
zona of phote^synthasis a t dapth ranga bottwaan 5O-1IC30 matras 
and nanad this locus of daposition as tha "Phosphorita Facias**• 
Thia phosphor!t« facias haa baan dlvidad into turn typ—i 
(•) ^JtYPfiUnri* 
Tiw daposits •f charactari aad by tha richast, thiekast 
and wall baddad dapesitioff* 
(b) FUtfMl tYBt« 
Tha dapesit I ^ typically nodular 4 a ssaciatad vdth 
glauconita, loan in grada and shows intarruptad sadinantation 
asfociatad with transgrassion and ragrassion. Tha phospherita 
facias migrata with changing palaoqaagraphic conditions^. 
nacant studias of phosphorita fomatiwn of Pamian 
9199 shew that i t comprisas larga aictansiva and vari«4 
phosphorita dapoaits which raflact a larga ganatie ranga of 
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photpherite d@v«1^9ment as i s •vidoncvd by fn«iSer 
f«el«t ehaiKses •attw«rd frows th« phosphorit* chert -
earben«e»ous imjd«ten« att«»iDbl«cf« in southern Idaho to 
carbonato rock to rod and groon bodt and ovaporitos In 
•attorn Wyondng and somo adjoining aroat, Thoso facios 
changes aro intorpr«tod to b« th« sadimontary products 
of a basin odgo-to-shoro onvirormiont dovelepvd due to 
la t i tudinal posit ion, basic atmosphortc c i ro j l a t ion , 
(M!»anic upwalling and warn arid climate* Mc Malli^y at al 
(1953), Chonnoy (1955), Chonnoy and Sheldon (1959), 
Sheldon (1963, 1964), Cresaman and Swanson (1964), Maughan 
(1966), Sheldon, et al (1967), Yechelson (1968) and Xsra l l i 
(1976). 
All the phosphorite:; found in the mineral deposits 
havo approxiiiiately the same CaO i P^ O^^  t F r a t i o , as the 
mineral f luorapatite and a typical analysis for F i s betwsen 
2 to 4%» their physical characters vary from hard and f l i n t 
l i ke to soft amd plastic^. Nearly a l l contain Iron and aluminum-
oxides, carbonate, s i l icate and organic matters. The phosphate 
content, exprostsd as Ca0(PO^)2 or (BPL t bone pho^hato of 
l ime) , varies from about 65^ in Florida pebbles to about 7^% 
in the high grado deposits of Morocco, Algeria, md of Tunisia. 
•63^ 
ITw crystallinv «patlte of Kbl« P9ninsul«, upon 
eone#ntjr«ti0n by floatation yl»ld materials upt» 86^ BPL. 
In tha praaant Invastl^atloRt tha gaochamlcai 
bahavlaur of tha variout alaManta in tha phoaphatie and ethar 
aaaoeiatad rock, in addition to aia9aaeepie taxtufa and 
atmetiiffw of tha phoaphorlta haa baan prasantad. In tha araa 
undar study tha photphorita aecura in tha niddla fjroup of tha 
Aravalli foxnatien in tha Miageasynclinal portion of tha 
Ar«valU 9«o«ynclina*. Tha major alaawnts of tha phoaphatie 
and dalanltic limastenas, in addition to PJ^ ara ^O^t ^jPs* 
^0p^9 FaO, MnO, CaO, MgO, TiO *^ Na^, fC^* H^, ate . Thair 
distribution ^ d varyinq proportion in aamplas i s givan in tha 
Tabla^^. 
In exdar to undaratand tha isotyplan of phosphata 
and ralatianshlp with othar alasiants in phoaphatie anviron-
nant* Tha ralationship of P«^ 0^  with othar alaisanta aueh as 
SiO^, CaO, II9O, Na^ O, K^ O, Al^ O ,^ H^O, FaO, ^•2^9 *^c* ^ * 
plot tad and ^a ra suits hava baan tAmm in figuras* 
Fi9ura-6 shows tha ralationihip batwaan P^^ and 
SiO^ whieh raflacts that P^ O^  incraasas with tha daeraaaa 
in SiO. and viea varsa. This ralationship i s also appiieabla 
for all tha eonstituanta axeapt iron oxidaa which hava a nensai 
••63» 
tr^nd Ilk® that of P«0_. Th« author ttuis, 1« of the 
<^inien that irorwoxldes b©hav« a^/tubstltute to phosphorous; 
but caifoonatt Is not tho substlt^to of phosphorous as has 
b«en stated by «5tuab (1960). Wc Connoll (I960), Smith and 
Lohr (1966), 
It i s also obtervod that th» ratio of total Iron 
oxlds alur i^inusn-oxldo and CaO/Mcp incraasos with d®c»awi 
in iroiwoxldo, aluialna andi vice versa, in tho phosphatic 
onviroraae^nt• haj) iner9ases with th© Increaso of PgO* both 
In phosphatic and dolomltic llmsstwiei 
The above study Indicates that the aiajorlty of 
pho^horltes v«re dsposlted in syrdeposltienal depressions 
In which marine phosphate have beim deposited at nuinerous 
places. He'iatlve features reported at favourable s i tes for 
the deposition of phosphate are syndeposltlonal syncline* 
(Bentor, 1953| Youssef, 1998, 1965, 1967), inherited folds 
(Bushlnskl, 1966)} pseudosynclinal troughs (Willcox, 1993)j 
physiographic depressions (Vlsse, 1952); subsiding zone of 
the floor (Charles, 1993); penecontesipwraneous grabens 
Youesef, 1967), 
Review of the world occurrences of the phosphate 
indicates that a great number of them are associated with 
synclinesV The area under study also l i e s In the middle 
m6A» 
group of th« Ar«v«lli g*osynelln«'. th« lltholoQleal 
«§t»elation of this group indieatot th«t tho todlnofitation 
took pioco undor ohallow wotor tnorino eondltlono. Vhotph&tie 
stroBatolltos of bluish groy cOLourt intojnulmd within tho 
doXomitie aorblo and an^lar to sub^angular fragmofitt 
of tho photphatlc matorial in tho ehorty quartsito and 
phyllito indieatoo a faeioo variation, both along and aerooa 
tho otriko a« wall at an inorganic origin of th»oo phoopho-
ritoi* Tho distribution of P (^^  although b«low 3Ql£ in all 
rook typos i s quits low in strsaotolitie colonios (Xtraili, 
1976) alto stfongthont tho authors obsorvations'. 
Th« Mther wlahts to enptf* hit dl««p mnem of 
gratitude «nii ind«btn»st to hit tuporvitor Prof. %fft>Ratul, 
for hit koon int»fott» guidtfieo and ctntttRt oneourofoiiOfit 
in carrying out tho protont invottigotien. Hi i s alto 
gratofUl to Dr. %H, Xtraili for hit valuabio eontrifeution 
through tho aoeonplithsont of thit work. 
Many thankt aro tondorod to Mr. Forot Jawtid for 
analytical ifork, Mr. Salinuddin Ahnad for cartographic work 
and Mr. Mehd. Xdrit for typing tho nanuteript^ 
Tho author availt thit opportunity to acknovdodgo 
hit father Mr. Jamthod Ali Khan Rao for tht gonorout financial 
attittanet without which i t would havo boon inpottiblo to 
carry out thit workl 
Tho author i t alto thanklMl to hit eoUoaguot 
Mootort A. lUihaan, X*.fl. Kiiaiani« l#.#.Y .^ IQian, Zafar Hutain, 
Viqar liitain, Abrar Ahnad, A.K. I9ian, A. Ah»ad BtiS S.Khurthood 
for thoir atsittmio in goochoaical analytit and conttant 
oneouragoiionti 
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T a b 1 e - I 
GEOLOGICAL DISTRIBUTION OF INDIAN PHOSPHORITE 
•Formatlpn 6 NatVrt i 9cwrr?n^fi 
Arehtttn 
Bundelkhand 
Gneiss 
Bljawar 
Series 
-Canbrlan 
Aravalli 
System 
Altered form in Granite 
& Gneiss 
Apatite Vein 
Oolomite & Cherty 
Quartzite 
l) Massive Type 
(a) Dark grey-
phosphorite 
(b) Brownish grey-
phosphorite 
2) Banded Type 
(a) Dark grey 
phosphorite 
(b) Dark brown 
phosphorite 
MADHYA PRADESH -
Sagar 8. Chhatarpur 
Mardeora, Hirapur 8. 
Tighora areas 
RAJASIHAN - Udaipur 
Kanpur & Dakan Kotra 
Dolomite,Qterty ftrecc* 
iated Quartzite & Phyl l i te RAJASTH^ 
1) Brownish grey 
2) Dark Grey 
3) Granular grey 
4) Greyish phosphorite 
Dolomite & Cherty 
CJuartzite 
1) Dark grey 
2) Greyish 
Ma torn & 
Umra 
RAJA5THAN « Udaipur, 
Dakan Kotra. 
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AravailIt Ch«rty Qu8jet7it« & 
Oolomit* 
Band«d phosphate rock 
RAJASTHAN . IWalpur, 
ICarbari a-ka-C^rha, 
Dolonlto & Chorty Quartzlto 
D«rk thin impersittant 
baiuls 
RAJASTHAN - Udaipur, 
Si aama • 
Vindhywi ®y«lMi 
tmmr Vin<thy«n 
Dolomlta & Chorty Quartiito 
Bandad typa 
Apatlta Vbln In 
C3iranlta» Onaiat & 
Ciryatallirta Liniaatona 
Alaal Phosphorita 
Dolanitle Marbla 
Kinbahara shala 
RAJAStHAH » Bantwara, 
Sail opal % nam-kaliiynna 
RAJASIH/'K « Udalpur* 
Namanla* 
UTTAR PRAOISl • Plthora* 
9arli, Ghatabaala* 
nAJfiSTHfH - CMttor^arh, 
Jaada. 
Tirohan liina-
atofta of ttfmt 
Vindhy«ii 
1\irbidita lavar 
aaaoeiatad fdth 
Policial llsiattona 
& (Slaueenlta aandatona 
UTTAR PRAiiBSH - Banda, 
Paiaunl d«fi slta 
Llttattana & Qlauconltie 
1 isia atona 
BZHM • ^ahabad & 
Baaie & Ultra 
baaie rock. 
Pagnatlta & 
Khondalita 
Paat^Oalhi (Irani ta 
Apatita vain & lanaaa* 
Maanatita Biotita 
Chlttrita 
Apatita vain asaodatad 
with magnatita & 
vafiiiieulita 
Pockat & vain 
MKAR « Singbbhttn, 
Sarai Mala to Khajuri & 
Nandup aaetor^* 
ORXSSA • MaysbhunJ 
AMDKRA PRADESH . 
Vi ahakhapatanan,& 
Sltarampur^ * 
RAJASTOAN - Sikar, 
Nirpura & Salwiari. 
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C«lG«On«its ]Aagn«tit« b»«rlng 
l in t t ton* 
TAl^ XL HfiOi • Sevathun. 
P<l««cole 
Atvattie 
F«X«oe»n» 
R{9und«d to i r r « ^ l « r 
grains & Pal lats of 
photphorlt* calc-quart-
z l t a & t l l i ceoua lln««. 
stona 
Tai rocks of Krel 
Taetonict Bl«ck Chart 
LoMar Tal 
Coarsa qr l t ty 
farruglnaous phesphata 
RAJASTHAh' • Jaisaimor, 
Bismanla. 
UTTAR PRADESH • Oahradun & 
Mussoorla. 
UTTWl PRADESH • Pahr^iufi, 
Mussoeria • Tahri road at 
Oumalat Maldaota. 
HXM/CHAL PRADESH • St M i r , 
Kergai & Nlgalidhar 
RAJASTHAN . Jalsdimer t. 
Fatahgarh. 
Ceataeaaits 
SystMi 
Uttattur Staga 
Arlyalur Staga 
Taitiary 
uySwMI 
Syihat ilnia* 
stofia & Koplll 
f^rt^^atlan 
Eocene 
Stibathu 
fomatien 
Bhttj Serias 
ieeena coal 
ba<f 
flaeant 
Phosphatle Nodulas 
Phesphatic Nodulas 
Phosphatisad 
Molluscan shall 
Charty phesphatic 
Nodulas in Shaly Matrix 
Phosphatic Hodulas 
Phosphatie Nedulas in 
farmginaous sandstona 
Phesphatic Nodules 
Eastarn Salt rang^. 
Guano Deposits 
rmit UMJU • Triaehchira-
p a l l i , Nae^akkurichl & 
Vara9upadi 
TAMIL r4A0U • S« Arcot & 
Pendicherry at TUtipatti fi 
Akasaerttu', 
ASSAM • Garo & Jaint ia 
h i l l s i 
jmm & KASHMIR • ii^rraos 
HIMACHAL PRADESH . Ilahasu 
Bakhlog* 
GUJARAT • ShuJ 
PimJAB • Jhalun. 
LAOCADXVE . /loilndlve 
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T a b 1 • - II 
GBOiOaXCAL DISTRiaunCJfri OF RAJASTHAN PHOSPHORIIE 
!if..n!''B-I#il'!4>f 
Dittrict I 
Formation ! Mothor Rocks { Constitusnts 
Jaisol* 
vmr 
Fatah-
9arh 
JUrastlc 
Palaocona 
Sandttono int«»- Apatite (Majcar) 
baddod with quartzito(Traea) 
clays 
•^6- Blma Blratfiia . 
nia Kehra, Palaozolc 
Ldhu-
singh»ki<-
Shani 
Sandy calca. i^atit*^ ^ ' l o r ) 
roous shalo 4 ^lartir 
Bandod Phospho- (Small <|uantlty) 
rito limssterHi 
Udaipur Kanpur A Aravallls 
B Pn»Cattb. 
Dolomlta & 
Chorty Quartzito 
Apatito (f'&Sas) 
Caleite (Small) 
Ool onito ,Qu artz. 
mOttm 
mOf^m 
Maton Block-A 
a) Ml no 
b) South 
Block-B 
Karbarla 
ka»Ourha 
Oolondto, 
Chorty, 
Brocelattd 
C3uartzite & 
Phylllto 
Dajpk groy 
chorty Quartzlto & 
Oolcmlto 
Apatito ilfBior) (Fluorapatlto 
mainly] Quartz!Traces) 
Apotlto (Major) (Fluorapatito 
mainly] 
Quartz (Ttaeo) 
-do* Dakan 
Kotra 
-do* Groy-Oark & 
Bluish 
dolomlto & 
Chorty Quartzito 
Apatito (Major) Quartz (traeo) 
-do . Jhamar Block-A, -de-
K»tra B,C,D,E, 
F 
-do* Nowania *do-
Dolomitie 
Owrty Quartzito & 
Phyllito 
GranitOfGnoiss 
& Crysttalino 
limostono 
^ a t i t o 
Caleito Quartz. 
Apatito (l^jor) 
Caleito Quartz* 
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R-MifW4WlfnTi% XX, Dittirict I Pl*c» 1 BJock Fonn«tlon I Mother Reekt 1 Constituents 
tld«lpur uiira Aravalll Oolamitg Chertv Quart-
zite t 
PhyXlltt 
Apstlt« (Major) Quarts (Trac«} 
->de» iisarma 
Banswmr* Sallopat 
l^nna 
•*<lo» 
«>dOi» 
Ch«rty Quartsite 
& Dol emits 
Dolomite & 
Cbtrty 
Ouartzite 
Impersistant 
Bend 
^atite 
Apatite (Major) Quartz (Tt& OS / 
Sikac' Karfxire & 
Salwari 
Pott Delhi Qr«r)ite Apatite Vein & 
Pockett. 
Apatite (^ojor) 
Calcite (Trace) 
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T • b 1 • • ZZZ 
VrnWHAlB DEPOSIT XK RAJASTH/»I SHO^NG RESERVES AM) PEHCENTACI3 
K&mm o f 
OtpOfiit 
lUiMii^* in 
million tonnot 
P07e«nt09« ©^  D i s t r i c t 
Jaisalfior 
•de-
Udoi^y 
• •OOM 
w d o * 
•dO» 
•idOw 
•00*" 
•-de» 
Bontwtfra 
Sik«r 
l^xwonio 
Fotoh^orh 
Kinpur 
tCael>o7i««k«»Guirho 
Moton 
Jhamar Kotto 
Ookan Ketn 
Nowonia 
Si tamo,Bar MO on 
Sallopat & 
Rwi-kaoMinna 
Salwari t 
Ntrfiura 
4%4 
Not ootiaiatod 
5.0 
1*.0 
S^ .4 
40»0 
2f.O 
?.3 
Net ootinatedl 
Not oatinatod 
Not ostinatod 
iO-ll^S 
5»^% 
i5»Tf% 
i5^Wi 
J?5««»35% 
ia.38^ 
l%>-7CSi 
10U3O9S 
10u2G9( 
10»209l^ 
41% 
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T a b 1 • - V 
0«ta showdng tb« ra t ld OiO/MgO and Ha^O/K^O in various 
i i tbolv^ieal units arour^ Cbrbaria-kaJ^rha (Kanpur) araa, 
SsR^la Mo. 
1 
2 
3 
4 
S 
6 
7 
8 
9 
10 
11 
12 
13 
14 
IS 
16 
I t 
18 
19 
ao 
n 
CaO/MgO vs . Na^O/KJO 
8.10 
S.56 
11 .^65 
23.89 
24.79 
12.19 
20.93 
26'. 05 
*'.2B 
7.33 
14^90 
10 .^63 
7.97 
9.99 
9|23 
9.96 
13 .^19 
22.11 
9*.83 
21.92 
14.92 
28.00 
30.00 
3 .^40 
8.40 
1.30 
«m 
9.20 
9.20 
0.08 
13.00 
3.00 
1.30 
0.90 
0.90 
0.17 
0.20 
0.90 
0.20 
4.00 
10.20 
4.00 
-74. 
T » b 1 • . VI 
Oit» sho*dRg th« rat ios Fo^g* F»C/Al^g and CaO/MgO in 
various l i thologieal units around Karbaria*ka*Qurha (Kanpur) area. 
Sawplo W, ^•:P3* F^O/AlgOg vs CiO/tegO 
1 0.20 8.10 
2 0.16 5.56 
3 0.44 il*.6S 
4 y.76 23.89 
5 0.28 24.79 
6 0.22 12.19 
7 0.33 . 20f.93 
8 0.59 2#.05 
9 0.13 6^28 
10 0.C5 T.33 
11 0.26 14.50 
12 0.07 10.63 
13 0.35 T.97 
14 0.22 5.99 
15 0.19 5*. 23 
16 0.19 5'.56 
17 0.17 13.19 
18 0 .^27 22.11 
19 0.25 9.83 
20 0.55 21.92 
n 0.30 14.52 
T • b 1 • • VII 
D»t« showing th« ra t ios CtO + MgO and FoO ••• ^^^3 ^ ^ ^ 2 ^^ 
various lltholo<3ical uni t s around Karbaria->ka-Ourha (lOnpur) aroa". 
samplo iio. CaO-tfigb v s . FoO+FOjPg+TlOj 
1 46.51 1.51 
2 46.73 1^32 
3 51.32 1^60 
4 50.35 2.26 
5 52.15 1.70 
6 53.48 1.34 
7 44*.85 2*.02 
8 44.65 r . l 8 
9 44.56 1*.71 
10 50.43 0.46 
11 4^.34 2^09 
12 35.30 0.46 
13 36.60 f . lO 
14 35.52 2.26 
15 32.15 1.99 
16 40.21 2.13 
17 42.91 2 .^59 
18 47.21 0.82 
19 33.34 1.51 
20 46.41 1.65 
21 4r.42 ar.oo 
IS, 
T a b 1 • - VIII 
Data shovdnci th« r a t i o CaO * MgO and N a ^ > K*^  in var ious 
l i t h o l o g i e a l u n i t s around Karbaria-ka-Gurha (Kanpur) usmi* 
Santpio No> CaO^ MgO v7!! Na^ O+K^O 
1 46.51 S .^85 
2 46.73 6.25 
3 51.32 0.22 
4 50.35 0.22 
5 52.15 0.80 
6 53'.48 0.C» 
7 44*.85 0.38 
8 44.67 0.15 
9 44.52 1.10 
10 50.43 1.40 
11 47.34 0.10 
12 3!^. 30 0.12 
13 36.60 0.55 
14 35.52 0.55 
15 32.15 Of. 27 
16 40.21 0 .^90 
17 42.98 0.55 
18 47.21 0.15 
19 33.34 0.12 
20 46.41 0.56 
21 47.42 0.12 
77. 
T • b 1 • - IX 
nie9leul«t«ii ehsffileal p«re»nt«9* ^ th« bulk compmmit9 
(CiO '*- M9O, PMCU «nd SiOO if* various l l thol^^eal unl i t around 
Karbaria-ka-Gurha (Kanpur) aroa** 
Sampla No, 
I 
2 
3 
4 
S 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Id 
16 
17 
18 
19 
20 
21 
CaO'*M90 
54.32 
55.45 
56.17 
55.70 
58.75 
50.35 
5CtlO 
56.45 
54.38 
57.23 
58.77 
3r.85 
49.66 
4(3^ .19 
9 8 . 3 0 
47.98 
57.14 
51.78 
47.28 
50.28 
56*.76 
^2S 
29.19 
31.09 
24'.84 
28.21 
27.89 
26.77 
29.71 
27.56 
0 .^73 
29.05 
30.72 
20.56 
0.63 
6.«1 
35.39 
0.71 
1.32 
26.87 
33.61 
26'.54 
28.3? 
SlOj 
16.39 
13.46 
18.99 
16.09 
13.36 
22.86 
20.19 
15.99 
44.89 
13.7t 
10.51 
41.57 
49.71 
53.80 
29 .% 
51.31 
41.54 
21.35 
19.11 
23.18 
14.87 
78 
c 
3 
O 
8 
> 
c 
: l 
<o u 
- O 
^ *c 
•* e 
H* 
O 
•* J 
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